The duty to manage asbestos in non-domestic premises is described in the Control of Asbestos Regulations 2012. Health and Safety Executive (HSE) policy and guidance on asbestos in the built environment in Great Britain is that asbestos-containing materials (ACMs) that are in good condition and unlikely to be disturbed can be managed in place. Where ACMs are in poor condition or likely to be disturbed they should be repaired, encapsulated or, if necessary, removed. HSE and Government Office for Science hosted a stakeholder workshop to consider evidence on the management of ACMs in public buildings. Invitees attended from a range of backgrounds (including regulatory, government, academic, medical, public interest groups, and professional service providers). Participants considered the evidence, suggested nine evidence gap areas and ranked these according to preference in an anonymous vote. The top three suggested evidence gaps were: (i) the comparative risks of managing ACMs in place versus removal; (ii) improved measurement techniques at lower fibre concentrations; and (iii) building the evidence base on the effectiveness of asbestos management and safe removal. HSE will use the workshop outputs to inform its research planning. It is anticipated that a number of initiatives for shared research will be explored.
Introduction
Asbestos is a hazardous material and six types of asbestos are classified internationally as Category 1A human carcinogens (IARC, 1998) . Asbestos-containing materials (ACMs) were used widely in buildings before the use of all forms of asbestos was finally prohibited in UK and the rest of the European Union in 1999 (EC, 1999; HSC, 1999) . The current prohibitions on asbestos are contained within the European Union Registration, Evaluation, Authorisation and Restriction of Chemicals Regulation (REACH, 2006) , which permits existing ACMs to remain in use until they are disposed of or reach the end of their service life. Regulation 4 of the Control of Asbestos Regulations (2012) sets out the duty to manage asbestos in non-domestic premises. The removal of ACMs from buildings is not required under the Health and Safety Executive (HSE) Regulations nor by the European Union asbestos Directive 2009/148/EC.
Health risks arise when asbestos fibres are inhaled following their release from ACMs due to damage or disturbance as a result of activities such as renovation, removal, or repair. Cumulative exposure to airborne asbestos fibres leads to an increased risk of developing disease (Doll and Peto, 1996) . At lower cumulative exposures the predominant health risk is mesothelioma, a long latency form of cancer (Gaensler, 1992) . Reassuringly, an HSE funded case-control study by Peto et al. (2009) concluded that there was little or no evidence of increased risk in nonindustrial workplaces such as schools or hospitals after excluding those who had also worked in higher risk jobs.
HSE's Approved Code of Practice (ACOP) and supporting guidance (HSE, 2002 (HSE, , 2013 advises that ACMs that are in good condition and unlikely to be disturbed can be managed in place. Where ACMs are in poor condition or likely to be disturbed they should be repaired, encapsulated or, if necessary, removed.
The risks from ACMs in the built environment are well documented. However, this can be an emotive and poorly understood issue, particularly with respect to perceptions of the risks to some groups, e.g. children and teachers (Gaensler, 1992; Burgess, 2004) . There are strong opinions and differing interpretations of the available evidence which has led to calls from public interest groups for greater legal control. For these reasons, management of ACMs in the built environment remains a challenge, particularly with respect to schools (Cross, 1986) .
A jointly sponsored HSE and Government Office for Science workshop, on 16 September 2015 at Manchester, aimed to provide a forum for constructive discussion of the evidence gaps that need to be addressed in order to manage the hazards presented by ACMs in the built environment in Great Britain. This article summarizes the range of topics discussed by the workshop participants, areas suggested for further research and an outline of next steps.
Workshop Method
Forty six participants from Great Britain and beyond took part in the workshop. Invitees included representatives from: government (departments, regulators, and funding agencies), academic research, occupational medicine and research, occupational hygiene consultancy, occupational health service provision, public interest groups, facilities management, and environmental management.
The workshop included presentations and group discussions. Participants were encouraged to voice their opinions and explore the challenges posed by uncertainties.
Participants considered the question: 'What are the evidence gaps we need to fill, to enable us to manage the hazards from asbestos in the built environment?' Nine potential research areas were suggested. In the final session, each participant voted for their top three evidence gaps via anonymized voting. A ranked voting system was applied whereby the votes were weighted hierarchically: a participant's most preferred choice (which they ranked as #1) was allocated three points; their #2 choice was weighted with two points; and their #3 choice was allocated one point. The vote was only to reflect workshop participants' views on the day.
Workshop Outcomes
Three syndicate discussion groups each proposed three evidence gaps; hence some ideas are repeated or cover similar issues. Figure 1 summarizes the suggestions and issues discussed.
Workshop Participants' Discussion of the Evidence Gaps
This section describes the main issues discussed with respect to nine key evidence gaps, as shown in Fig. 1 .
Priority Issue A-build the evidence base re: asbestos audit and management Discussion of the evidence base focussed on what was currently known about exposure, risk and how well duty holders control ACMs. The group questioned whether there is sufficient knowledge about how asbestos exposures are currently audited and managed, particularly in schools. The group felt that it may be necessary to gather further data, e.g. about the physical disturbance of fibres, to understand how well asbestos is currently managed.
Members of the group discussed what is understood by the term 'exposure measurement'; in this context the term is used to describe both asbestos lung burden and airborne fibre measurements. There was general consensus that more time was needed to clarify the position.
Priority Issue B-understand how well exposure data correlate with health data
The group discussed whether asbestos lung burden or airborne measurements provide the best measure of exposure. This led to some uncertainty as to whether existing health data could be directly related to lung burden. Participants also felt that more research would be needed to provide better data from lung burden studies (i.e. reducing the analytical sensitivity).
Priority Issue C-school exposure and prioritization
The group considered the comparative exposure risks in old and new schools. They were unsure whether there is prioritization at the national level to show which schools present higher risks. Participants also discussed how well HSE's priority assessment and algorithm (HSE, 2002) could be applied to schools.
Priority Issue D-evidence for risk of amosite removal versus management
Members of the group questioned the extent of the knowledge base relating to the asbestos fibre content of buildings across different parts of the public sector and how best to ensure the buildings in greatest need are prioritized. As amphiboles are of a different order of magnitude of risk to chrysotile, it was suggested to build up a national database and incorporate references to speciation and fibre type in the available information.
It was pointed out that knowing what is in the fabric of the buildings is far less challenging than knowing what condition it is in, as the condition can change, due to deliberate acts or accidental damage, at any time after a survey has been conducted.
The group discussed how duty holders responsible for public buildings could be helped to improve their knowledge and better allocate the correct resources to the management of ACMs. In particular, the implications of asbestos survey reports could be made clearer.
Priority Issue E-amosite risks to young workers/ people
Some members of the group expressed particular concerns that more evidence is needed about exposure risks for the youngest current workers, i.e. those working in public buildings and carrying out renovation and refurbishment. Priority Issue F-build the evidence base re: asbestos management A key issue discussed was the range of factors that should be considered relating to safe removal of asbestos, including: air monitoring data and risk assessments; and how pooling evidence from past studies could help to make the case for a lower magnitude of risk attributed to chrysotile.
The group talked about the evidence that suggests contractors undertaking refurbishment or demolition work still carry out unsafe practices. It was thought that the previous HSE asbestos awareness campaign in the construction industry had been very effective and could be adapted for other settings.
Individuals in the group proposed that cost effective, rapid techniques that measure extremely low concentrations of fibres would be needed to support future research into safe removal.
Priority Issue G-hazard and risk communication and translation into practice
It was debated how best to communicate asbestos risk to target populations in order to convey that the presence of ACMs in the built environment does not mean harm. Promoting improved understanding of the difference between hazard and risk would be key.
Priority Issue H-comparative risk of leaving asbestos in place versus removing
The ongoing debate about whether it is best to leave ACMs in place or remove them whenever possible was a key issue of discussion. This requires an understanding of the current background fibre levels, e.g. in boiler rooms and deteriorating older buildings. It was suggested that survey reports could make the risks and required actions clearer for duty holders.
Priority Issue I-improved (background) measurement techniques
The group questioned what the measurement of extremely low levels of airborne asbestos in schools tells us (e.g. <0.0005 f/ml). A valid, low cost and repeatable test that could measure asbestos concentrations at lower levels than are currently undertaken would provide greater reassurance. This applies equally to determining airborne asbestos fibre concentrations (used for personal exposure assessment) and asbestos fibre lung burden (used in epidemiological studies). The analytical sensitivity can be improved (e.g. developments in automated/ semi-automated electron microscopy and phase contrast microscopy techniques) but is limited by a range of practical and analytical constraints. 
Priority ranking of nine suggested evidence gap areas
The results of the vote are shown in Fig. 2 . It was decided at the workshop not to combine suggestions that were similar (e.g. D and H, A and F) . Figure 2 shows the comparative risk of leaving asbestos in situ versus removing it received the most votes (H, 23%), followed by improved measurement techniques for determining asbestos fibre concentrations (I, 14%) and building the evidence base for effectively managing asbestos in place (F, 13%).
Conclusions and Next Steps
Reviewing evidence on whether it is better to manage asbestos in place versus removing it (D and H) was a central topic of these discussions and is a long-standing subject of debate. It was the highest priority evidence gap in the workshop vote. It was also recognized that more research is needed to confirm or refute the longheld conviction that the process of asbestos removal can significantly increase the level of airborne asbestos contamination in a building (Cross, 1986) . Similarly, some attendees felt that, managing asbestos in good condition (in situ) carries the risk of vandalism or uncontrolled work that may lead to significant airborne release of asbestos fibres.
An HSE project (scheduled 2016-2018) will investigate the effectiveness of controls during asbestos removal in buildings and the post-removal clearance process. Following the workshop, HSE has been exploring the possibility of extending the scope of the project to include a number of different types of premises and also to take extended period air measurements before and after asbestos removal.
The second highest rated evidence gap was that of measuring asbestos concentrations at lower levels than are currently undertaken for airborne fibre concentrations and lung burden studies. It was also noted that scanning or transmission electron microscopy with fibre identification by energy dispersive X-ray analysis and electron diffraction is used for airborne fibre measurements in a number of European countries, e.g. France, Germany, Netherlands, and Switzerland. Additional research is also required to develop automated and semi-automated analysis systems, which would allow measurement to lower levels than are currently feasible.
The third highest priority topic was building the evidence base regarding the effectiveness of asbestos management, in particular the safety of asbestos removal. This is closely linked to the highest voted priority (H). Improving the quality of asbestos surveys and reports would help to avoid situations where ACMs are not identified and are inadvertently disturbed by building occupants or maintenance workers. HSE has examined surveys in the past and is currently planning further guidance for clients to use when requesting surveys.
This workshop provided a valuable forum that enabled participants to voice a range of viewpoints and arrive at a series of constructive conclusions about the evidence gaps with respect to the presence and management of ACMs in the built environment in Great Britain. The suggested evidence gaps will inform the selection of priorities for HSE's science planning process (2016/2017) and there may also be opportunities for shared research with other government departments that have a role to play in asbestos management.
